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RESULTS OF SOME MEDICAL IWVESTIGATIONS ON THE SPAC3ZCRAFI' 
VOSKEOD AND VOSKHOD 2 

0. G. Gazenko and A. A, Gyurdzhian 

ABSTRACT 33801 
The report  presents the  results of some medical 

( ch ie f ly  physiological)  invest igat ions carr ied out  during 
f l i g h t s  on t h e  spacecraft  Voskhod and Voskhod 2 which, 
according t o  the  authors, nay be of i n t e r e s t  i n  connection 
with the outlook f o r  space t r ave l ,  including manned f l i g h t  

t o  t h e  moon. &&-- 
I n  preparing the  report the  aathors made use of t h e  

da t a  kindly furnished them by V. Antipov, I. Balakhovskiy, 
P. Vasil'yev, and V. Popov. 

From the  medical and b io logica l  standpoint, f l i g h t  t o  t h e  moon i s  a 
r e a l i s t i c  goal. A so lu t ion  of the  problems involved requires: 

(1) bio logica l  i n t e rp re t a t ion  of the  ava i lab le  physical  da t a  on ou te r  
space; 

( 2 )  experimental b io logica l  reconnaissance of the  proposed space routes 
i n  order  t o  de t ec t  p o t e n t i a l  dangers t o  manned f l i g h t ;  

(3) so lu t ion  of numerous medical problems i n  se lec t ing  and t r a in ing  the  
crew, developing l i fe -suppor t  and rescue systems and methods of preserving t h e  
f i t n e s s  of t h e  cosmonauts. 

The medical research car r ied  out i n  1961-1963 i n  connection with the  
V. Vostok program demonstrated t h e  p o s s i b i l i t y  of ?-day o rb i t&  f l i g h t s .  

Bykovskiy r ead i ly  to le ra ted  the  conditions ex i s t ing  during t h i s  f l i g h t .  
mained completely f i t  and ab le  t o  carry out  h i s  f l i g h t  assignment i n  to to ,  

He re- 

The advances i n  space and rocket technology i n  the  USSR led t o  the  building 
of multiplace spacecraf t  of t he  Voskhod type, the  f l i g h t s  on which i n  1964-1965 
introduced important new elements, crews comprising severa l  d i f f e r e n t  spec ia l -  
ists  (pilot-cosmonaut, physician, phys ic i s t ) ,  inclusion of a wider range of 

*Numbers given i n  the margin ind ica te  the  pagination i n  the  o r i g i n a l  fore ign  
text. 
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.,"e u c d , ~ ~ l  and ~ h j . s i ~  te@Iiiiic&. iiiifesiigations , perfoman 
t ions ,  and emergence i n t o  "free outer space." 

3 of a va r i e ty  of opera- 

The r e s u l t s  of t he  invest igat ions are of g rea t  independent i n t e r e s t  
and they w i l l  undoubtedly be widely used f o r  designing programs and safeguard- 
i n g  fu tu re  f l i g h t s ,  including those planned f o r  t he  moon. 

/3 

As f o r  t h e  buman f a c t o r ,  t he  authors bel ieve t h a t  spec ia l  a t t en t ion  w i l l  
have t o  be devoted t o  such problems as t h e  e f f e c t  of prolonged weightlessness, 
r ad ia t ion  hazards, emotional stress, determination of human c a p a b i l i t i e s  i n  
cont ro l l ing  the spacecraf t  , observation and performance of operations involved 
i n  assembling space objects .  

The f l i g h t  programs en ta i led  the execution of a g r e a t  number of research 
tasks, p a r t i c u l a r l y  those pertaining t o  medicine and biology. Since the  d a t a  
amassed have not yet been completelyprocessed, t h e  r e s u l t s  presented below are 
t en ta t ive .  

1. B r i e f  Description of F l igh t  Conditions 

The data characterizing t h e  m a i n  parameters of the o r b i t s  of Voskhod and 
Voskhod 2 and the  duration of the  f l i g h t s  are summarized i n  t h e  table.  

Unlike t h e  preceding Vostok f l i g h t s ,  t he  apogee o f  which was  about 230-330 
km, the  Voskhod f l i g h t s  took place i n  more d i s t a n t  o r b i t s  ( w i t h  an apogee of /4 
409-490 km) c loser  t o  t h e  r ad ia t ion  be l t s .  
t o t a l  dose received by each cosmonaut during the  day-long f l i g h t  of Voskhod 2 
w a s  about 70 mrad, o r  almost double t h a t  received by t h e  cosmonauts on the 
Voskhod (about 30 mrad). 
of t h e  dose absorbed by P. Belyayev, who remained i n  t h e  spacecraf t ,  and t h a t  
absorbed by A. Leonov, who l e f t  it. Based on the  readings of t h e  dosimeters 
and results of t h e  inves t iga t ion  of the b io logica l  ob jec ts  and t e s t s ,  it i s  
unl ike ly  t h a t  the cosmonauts w e r e  adversely affected by ionizing radiat ion.  

This seems t o  be the reason t h a t  t he  

N o  appreciable d i f fe rence  w a s  noted between the value 

/5 

The hygienic parameters i n s ide  the  pressurized Voskhod cabins d id  not ex- 
ceed e i t h e r  t he  permissible o r  t h e  theore t ica l  values. 
selves  could not have produced any abnormalities i n  t h e  physiological condition 
of t he  cosmonauts. 
w e r e  achieved and s t a b i l i z e d  by turning on the  regeneration and a i r  condition- 
i n g  system four  hours before launching. . 

Thus, they by them- 

The desired parameters of t h e  microclimate of the cabin 

To carry out  t h e  operation of emerging i n t o  ou te r  space, t h e  crew of 
Voskhod 2 wore s u i t s  with an autonomous oxygen supply system. 
out  of t h e  cabin, t he  cosmonaut shifted t o  breathing pure oxygen. 

Before stepping 

Since increased expenditures of energy w e r e  an t ic ipa ted ,  the  c a l o r i e  value 
of the r a t i o n  f o r  t h e  crew of Voskhod 2 w a s  ra i sed  t o  3250 kcal  from the  2800 
a l l o t t e d  t o  the  crew of Voskhod. The main food cons t i tuents  were: p ro t e in  - 
170 gr ,  f a t  - about 150 gr ,  carbohydrate - about 450 g r ;  vitamins: C - 200 mg, 
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spacecraf t  Crew 

1 'J. Komarov 
B. Yegorov 
K. Feoktistov 

Voskhod 

I?. Belyayev 
A. Leonov 

B6, f o l i c  acid - 4 mg each, and some others .  

The supply of drinking w a t e r  w a s  increased proportionately ( t o  2 l i ters pe r  man 
p e r  day). 
t he  cosmonauts. 

The menu w a s  varied and took i n t o  account t h e  individual tastes of 
Provision was made f o r  4 o r  5 m e a l s  a day. 

The work and rest rout ines  on both spacecraf t  w e r e  determined by t h e  f l i g h t  
assignment. The men took turns  i n  res t ing.  However, owing t o  the  unusual s i t u -  
t i o n  and t o  the  enthusiasm with which the cosmonauts applied themselves t o  t h e i r  
tasks, t h e  t i m e  s e t  as ide f o r  rest  or s leep  w a s  not f u l l y  used. /6 

The f l i g h t  assignment included a v a r i e t y  of tasks: cont ro l  of t he  ship, 
so lu t ion  of navigational problems, radio communication, s c i e n t i f i c  invest iga-  
t ions ,  "emergence" from the  cabin during t h e  last  f l i g h t ,  and carrying out the  
elements of assembly work. 

Each of the described f l i g h t s  was planned to  last one day. 

2. Methods of Medical Invest igat ions during F l igh t  

Two groups of methods w e r e  used: (1) those t o  check on t h e  condition of 
the cosmonauts; (2) those designed t o  study the  nature of t h e  react ions and 
ef f ic iency  of the cosmonauts. 

The inclusion of D r .  B. Yegorov i n  the  Voskhod crew made it poss ib le  t o  
considerably broaden the scope of medical inves t iga t ions  by using, i n  addi t ion  
t o  biotelemetering systems, other  methods not involving the transmission of 
information v i a  the  radiotelemetering system. The following parameters were fi 
recorded: electrocardiogram, seismocardiogram, pneumogram, electroencephalo- 
gram, electrooculogram, and some others. I n  addition, blood samples w e r e  taken, 
pulmonary ven t i l a t ion  w a s  determined, ves t ibu la r  function w a s  tested,  e tc .  

3 



* A fea ture  of t he  medical supervision on Voskhod 2 w a s  t h a t  it not only en- 
sured that  the  required information would be obtained by ground observation 
po in t s ,  but enabled the commander of the  c r a f t  t o  check on t h e  condition of t h e  
o the r  cosmonaut after he emerged i n t o  ou te r  space. Meanwhile, t h e  e lec t rocard i -  
ogram, pneumogram, and various hygienic parameters of the  atmosphere i n  t h e  s u i t  
w e r e  a l so  recorded. 
t he  reliable production of information with due regard f o r  the physical exer- 
t i o n s  of t h e  cosmonauts. 

The method of arranging and fas ten ing  t h e  sensors guaranteed 

Considerable a t t en t ion  w a s  paid t o  the  question of human ef f ic iency  and 
func t iona l  capab i l i t i e s .  Specif ical ly ,  s tud ie s  w e r e  made of the resolving power 
and some func t iona l  cha rac t e r i s t i c s  of t h e  v isua l  analyzer, severa l  dynamic 
c h a r a c t e r i s t i c s  of the  human operator included i n  a model of a cont ro l  system, 
pers i s tence  of habi ts ,  e tc .  

The condition of t he  cosmonauts during f l i g h t  w a s  evaluated from t h e  bio- 
te lemet r ic  data ,  analysis  of rad io  conversations, t e l ev i s ion  observations of 
the  ex te rna l  appearance and nature of t h e  ac t iv i ty ,  and the  personal repor t s  of 
t h e  men. 

/8 The ac t ive  por t ion  of t h e  f l i g h t  w a s  w e l l  t o l e ra t ed  by all f i v e  
cosmonauts. No unpredicted physiological react ions occurred. On the  contrary, 
it w a s  our  impression t h a t  t he  indices of t he  cardiovascular and r e sp i r a to ry  
systems changed less i n  the  crews of Voskhod and Voskhod 2 than they d id  i n  the  
crews of the  Vostoks. 
137 p e r  min and t h a t  of V. Tereshkova 151, t h e  rates f o r  V. Komarov, 
K. Feoktistov, and B. Yegorov w e r e  9, 102 and 109, respect ively.  
t i o n  f r o m  acceleration t o  weightlessness w a s  smooth and "imperceptible," as t h e  
cosmonauts characterized it. Under the conditions of weightlessness, t h e  func- 
t i o n a l  ind ices  of t he  Voskhod cosmonauts, consis tent  w i t h  t h e  already known 
data ,  returned t o  normal. The indices recorded during the f l i g h t  of Voskhod 2 
were somewhat unusual. After the c r a f t  went i n t o  o r b i t ,  t he  cardiac rate of 
P. Belyayev and A. Leonov ac tua l ly  increased somewhat and there  w a s  a f a i r l y  
pronounced s inus tachycardia, apparently caused by the  performance of opera- 
t i ons  preparatory t o  the  second cosmonaut leaving t h e  craf t .  A t  the  same t i m e  
t h e  r e sp i r a to ry  rate also increased ( f ig .  1). These react ions were more o r  
less s i m i l a r  t o  those noted i n  t ra in ing  exercises  simulating emergence onto 
the Earth. 

For example, whereas t h e  pulse rate of V. Bykovskiy w a s  

The t r ans i -  

Inves t iga t ion  of t h e  oculograms of P. Belyayev and A. Leonov showed a high 
/9 rate of eyebal l  movements during t h e  first t o  four th  o r b i t s ,  another ind i -  

ca t ion  of the  in t ens i f i ed  a c t i v i t y  of the  cosmonauts during t h i s  s tage of the  
f l i g h t  ( f ig .  1). 

A t  the  moment t h a t  he stepped out of the cabin and while he w a s  i n  ou te r  
space, Leonov's pulse and respiratory r a t e s  increased. This w a s  c e r t a i n l y  
a t t r i b u t a b l e  t o  na tura l  emotional tension. But these ind ices  quickly returned 
t o  normal after he re-entered the craf t .  For example, j u s t  before leaving the 
a i r  lock, Leonov's pulse rate w a s  100-120 beats p e r  min, o r  about the  same as 
when he w a s  going through s i m i l a r  t ra ining exercises  on Earth. 
lock, t h e  rate rose t o  150-160; on entering t h e  lock, when he had t o  cope with 

When he l e f t  the  
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some problem, it rose t o  168, but a f t e r  entering the lock, it dropped f a i r l y  
quickly t o  100-120 ( f ig .  2). 

W e  s h a l l  discuss  i n  more d e t a i l  the cosmonaut's behavior outside the space- 
c ra f t  because it i s  per t inent  t o  the  p o s s i b i l i t y  of carrying out various opera- 
t i ons  on fu ture  f l i g h t s ,  e,g., i n  assembling space objects.  It i s  in t e re s t ing  
t o  note t h a t  i n  weightlessness even a comparatively s l i g h t  exertion involves 
ro t a t ing  the body i n  several  planes with a f a i r l y  high angular velocity.  This 
w a s  confinned by moving p ic tures  taken during the  emergence of t he  cosmonaut. 
Both Leonov's report  and the  biotelemetric da ta  gave no indicat ions of any 
autonomic disturbances arising as a resu l t  of ves t ibu lar  and optokinetic stimu- 
l a t ion ,  
c r a f t  (as i n  the  case of ground investigations on a spec ia l  stand) reveals  
qu i te  s a t i s f ac to ry  coordination and a b i l i t y  t o  car ry  out planned movements and 
act ions with the  help of a piece of rope. 
ready and dismount it before returning t o  the  c r a f t .  
performed by hand without any d i f f icu l ty .  

Preliminary biomechanical analysis of Leonov's movements outside the 
/10 

He managed t o  g e t  the movie camera 
All the  operations were 

The problem of s p a t i a l  or ientat ion i n  weightlessness deserves spec ia l  at- 
tent ion.  I n  the  cabin, "up-down" was determined by i t s  in t e r io r ,  and even 
while t he  c r a f t  w a s  ro ta t ing  r e l a t ive  t o  the plane of t h e  o r b i t ,  the  cosmonauts 
f e l t  no sensation of turning over. The tentat iveness  of the  ideas of "up-down" 
and the  p r a c t i c a l  necessi ty  f o r  precise or ien ta t ion  i n  space outside the  c r a f t  
required t h a t  a system of coordinates be selected t h a t  would take i n t o  account 
i t s  long axis and the pos i t ion  of the sun. 
f a c t  t h a t  on "top" of t he  air  lock chamber was  a camera. But it became d i f f i -  
c u l t  on entering the lock. Y e t  Leonov d i d  not experience aqy disagreeable sen- 
sat ions,  
according t o  a diagram. However, i f  the vehicle did not come i n t o  h i s  f i e l d  of 
view, s p a t i a l  o r ien ta t ion  w a s  impaired and it w a s  d i f f i c u l t  t o  quickly determine 
the probable locat ion of t he  c r a f t .  On the whole, we have the impression t h a t  
Leonov was  i n  command of the  s i t u a t i o n  and tha t ,  despi te  i t s  new and unexpected 
aspects,  he w a s  under no undue nervous o r  emotional stress. All t h i s  t e s t i f i e s  
t o  the importance of select ing visual or ien ta t ion  points  and developing the  
r equ i s i t e  s k i l l s  beforehand. 
ex i s t ing  conceptions of the physiological mechanisms of s p a t i a l  analysis  
with in t e rac t ion  of the  sensory organs (analyzers),  pa r t i cu la r ly  the v isua l  and 
kinesthet ic .  
t o  suppress unusual vest ibular  signals, "sets  i n  order" the information of t he  
sense organs, and enables man t o  determine accurately t h e  pos i t i on  of h i s  body 
i n  space. 

Orientation w a s  a l so  eased by the 

After leaving the spacecraft, he used the system of coordinates 

This circumstance, it seems t o  us, confirms the 
/11 

Visual information about the locat ion of objec ts  i n  space seems 

The foregoing i s  very encouraging with respect t o  man's being able  t o  
perform operations outside a spacecraft, 
dence, f o r  what has been accomplished i s  j u s t  the  f i r s t  s tep,  and t h e  problem 
i s  far from being solved. 

But it should not lead t o  overconfi- 

The problem of weightlessness remains, as  before, an urgent one from the  
theo re t i ca l  and p rac t i ca l  standpoints. 
and Voskhod 2 are  of grea t  i n t e r e s t  i n  t h i s  respect.  
and Feoktistov) experienced disagreeable vestibular-autonomic react ions,  m i l d  
nausea (Yegorov), i l l u s ions  of spa t ia l  pos i t ion  ( w i t h  head o r  face down) with 

The observations made on the Voskhod 
Some cosmonauts (Yegorov 
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. 
, open and with closed eyes. 

launching and, although they did not i n t e r f e re  with the  planned work, they per- 
s i s t e d  v i r t u a l l y  throughout the f l i gh t .  
c l e a r l y  had nothing t o  do with s t ab i l i za t ion  o r  ro t a t ion  of the  c r a f t  around 
i t s  ax is ,  fo r  they occurred both when the c r a f t  w a s  completely s tab i l ized  and 
when it w a s  ro ta t ing  (about one turn  i n  20-40 seconds). 
Voskhod and Voskhod 2 noted t h a t  moderate physical  exer t ion produced a notice- 
able tendency to persp i re  and a t  times increased f a t i g a b i l i t y .  All t h i s  i m -  
p l i e s  changes i n  regulation of autonomic functions i n  weightlessness and 
d i c t a t e s  the  need of f u r t h e r  research, espec ia l ly  i n  connection with extended 
f l i g h t s  * 

Tnese symptoms appeared i-i/2 - 2 hours a f t e r  the 

It i s  worth mentioning t h a t  they 

The cosmonauts on 

It w i l l  be noted t h a t  there  were no new changes i n  the indices  of the /12 
physiological functions of t he  crews of Voskhod and Voskhod 2. As mentioned 
above, the  biotelemetric d a t a  were, i n  general ,  s i m i l a r  t o  those recorded dur- 
ing previous f l i g h t s .  
lowering of a r t e r i a l  pressure. The lowering of maximum a r t e r i a l  pressure and 
elevat ion of minimum pressure caused t h e i r  pulse pressure t o  drop s l i g h t l y ,  
For example, i n  Komarov, the  maximum arterial pressure dropped t o  95 mm Hg as 
compared with 115 before the launching, whereas the minimum pressure rose from 
65 t o  80 mm Hg. The vagotonic reaction predominated s l igh t ly .  
Yegorov‘s pulse during the f l i g h t  reached 46 beats per  minute. 
Earth h i s  pulse sometimes decreased to  52 while sleeping. One of the authors 
(Gazenko) presented a physiological in te rpre ta t ion  of these phenomena i n  a 
paper read a t  the Third Symposium on Bioastronautics held i n  Texas i n  November 
1964. 

Yegorov detected i n  h i s  colleagues a not unexpected 

For example, 
But even on 

Analysis of blood samples of Feoktistov and Yegorov obtained during the 
second and twelf th  o r b i t s  of Voskhod f a i l ed  t o  reveal any changes i n  carbohy- 
dra te  o r  salt metabolism. 
blood urea t o  41-51 mg percent, whereas the control  samples never exceeded 40 
mg percent.  
during f l i g h t .  Also, Yegorov developed a leukocytosis. 

It is a l s o  worth noting the s l i g h t  increase i n  /13 
This may indica te  some in t ens i f i ca t ion  of pro te in  decomposition 

Pulmonary vent i la t ion  increased appreciably during f l i g h t .  For example, 
it increased two- t o  three-fold i n  Belyayev and Leonov. Changes i n  oxygen 
consumption w e r e  ambiguous and no def in i te  conclusions can be drawn owing t o  
the meagerness of the avai lable  data. 

Functional cardiovascular t e s t s  (passive o r thos t a t i c  t e s t ,  test  with 
graduated physical exercise) 24 hours a f t e r  f l i g h t  showed some pecul ia r  reac- 
t ions.  For example, the  react ion t o  exercise w a s  somewhat more pronounced and 
the res tora t ion  period lasted longer than before f l i g h t .  
volumes a l so  decreased (by 26-47 percent i n  Feoktistov and Yegorov) and pulse 
pressure dropped (by 10-24 mm Hg). 
the  functional t e s t .  

The s t roke and minute 

Arterial pressure dropped i n  Yegorov a f t e r  

Biochemical analysis  of t he  blood a f t e r  f l i g h t  shared an increase i n  
cholesterol .  
t e r o l  content w a s  260-290 mg percent instead of the  cosmonauts’ usual 120-180 
mg percent.  
p l e t e l y  re turn  t o  the o r ig ina l  l e v e l  u n t i l  2 weeks later. 

For e x q l e ,  the evenirg a f t e r  the f l i g h t  of Voskhod, the choles- 

The following morning it w a s  220-260 mg percent.  It did not com- 
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. 
e These da ta  probably s ign i fy  some s t r a i n  on l i p i d  metabolism ar i s ing  during 

f l i g h t  and the p o s s i b i l i t y  of a f a i r l y  long res idua l  e f f ec t .  

The crew of Voskhod exhibited considerable individual  var ia t ions  i n  /14 
blood sugar after the  f l i g h t .  
t i o n ,  whereas it w a s  r a the r  high i n  Komamv. 
17, 21-oxy-20 ketocort icosteroids  and r a t i o  i n  ur ine revealed no s ign i f i can t  
abnormalities. 
pronounced react ion should be expected after longer f l i g h t s .  

For example, Yegorov had a low sugar concentra- 
Invest igat ion of t h e  excret ion of 

However, these were the r e s u l t s  of a 24-hour f l i g h t  and a more 

The day after the  f l i g h t  Belyayev's energy expenditure exceeded the  o r ig ina l  
values by 29 percent,while t h a t  of Leonov, by only 13 percent. 

Two days after the  f l i g h t ,  kidney function w a s  tested i n  Komarov and 
Yegorov by the  water load method. Water w a s  eliminated more slowly than before 
o r  2 weeks after t h e  f l i g h t .  
f i l t r a t i o n  o r  concentration capacity of the  kidneys. 
t he  cosmonauts w e r e  not t h i r s t y  during f l i g h t ,  although t h e i r  w a t e r  l o s s  w a s  
f a i r l y  high, but they f e l t  very t h i r s t y  as soon as they landed. 
w e r e  probably due t o  nervous and emotional s t r a i n  and hormonal changes during 
f l i g h t .  

There were no indicat ions of impaired glomerular 
It i s  worth noting t h a t  

These phenomena 

The changes i n  energy expenditure and w a t e r  metabolism provide addi t iona l  

& 
material f o r  e luc ida t ing  t h e  f a m i l i a r  phenomenon of weight loss  by t h e  cosmo- 
nauts after f l i g h t .  
l o s t  1.9 kg, Feoktistov l o s t  2.9 kg, Yegorov l o s t  3 kg, Belyayev l o s t  1 kg, and 
Leonov l o s t  0.9 kg. 

After t h e  f l i g h t s  of  Voskhod and Voskhod 2, Komarov 

A comparison of the  physiological da t a  recorded during f l i g h t s  of d i f f e ren t  
durat ion (Vostoks) with the materials of the  f l i g h t s  of t he  3 cosmonauts 
(Voskhod) and 2 cosmonauts (Voskhod 2) helps t o  evaluate emotional s t r e s s  i n  the 
p i c tu re  of the physiological reactions,  individual  mental and physiological 
cha rac t e r i s t i c s  of the  cosmonauts, and the  f a c t o r  of f l i g h t  duration. For 
example, f l i g h t s  with more than one person are d e f i n i t e l y  superior,  from the 
medical and psychological po in ts  of view, t o  so lo  f l i g h t s .  This i s  evident 
both from the  nature and i n t e n s i t y  of t h e  physiological react ions during v i r -  
t u a l l y  all phases of t h e  f l i g h t  and even i n  the  prelaunching period ( t ab le  2). 

Table 2 shows t h e  changes i n  pulse rate i n  Bykovskiy and Tereshkova 
and i n  the  Voskhod cosmonauts before the  launching and during the  active p a r t  
of t he  f l i g h t .  
apparent f r o m  t he  f igures .  

/16 
The favorable e f f ec t  of the  "feel ing of fellowship" i s  r e a d i l y  

Another s ign i f i can t  influence i s  the work routine.  
ce r t a in  conditions, the  work dominant i s  a major normalizing f ac to r .  For ex- 
ample, desp i te  the unusual f l i g h t  conditions and "emergence" i n t o  outer  space 
(such as  Leonov experienced when he went through the  a i r  lock and found himself 
outs ide the  spacecraf t ) ,  h i s  work routine c l ea r ly  "suppressed" the  disagreeable 
sensations t h a t  w e r e  possible  i n  t h i s  s i t u a t i o n  and overcame the s p a t i a l  d i s -  
o r i en ta t ion  r e su l t i ng  from weightlessness. 

A t  the  l e a s t ,  under 
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* - *  

Spacecraft 

Vostok 5 
Vostok 6 
Voskhod 
Voskhod 
Voskhod 

Cosmonauts 

V. Bykovskiy 
V. Tereshkova 
V. Komarov 
K. Feoktistov 
B. Yegorov 

and 1 min before t h e  launching 
and during the  ac t ive  p a r t  of 

n a l  l e v e l  

5 min I 1 min ac t ive  
P a r t  

64 
78 
72 
76 
63 

207 226 214 
162 178 194 
152 124 136 
118 126 134 
136 149 175 

New information brings with it new problems. Among them, human e f f i c i ency  
during space f l i g h t  i s  undoubtedly of spec ia l  i n t e r e s t .  The cosmonauts had no 
d i f f i c u l t y  i n  performing the  manipulations cal led for  i n  the  program. 
t i o n  of movements w a s  fa i r ly  simple. 
perform ce r t a in  operations (handling of equipment, carrying out  of plethysmom- 
etry, e t c . )  showed t h a t  a t  t he  beginning of a f l i g h t  w e  must expect t h a t  t he  
cosmonauts w i l l  take a l i t t l e  m o r e  t i m e  as compared with the  standards on Earth 
o r  with the t i m e  they m a y  require  t o  perform them during la te r  stages of t h e  
f l i g h t .  For example, during t h e  f i r s t  o r b i t  Komarov spent about twice as 
much t i m e  i n  carrying out  ce r t a in  manipulations involved i n  or ien t ing  t h e  
vehicle as he did during subsequent o rb i t s  o r  on Earth. 
same th ing  when taking physiological. measurements. 
t o  the e f f e c t  of "external  inhibi t ion" r e su l t i ng  from t h e  novelty of t h e  s i t ua -  
t i o n  and f r o m  a res t ruc tur ing  of habi ts  as applied t o  weightless conditions. 
The phenomenon genera l ly  leveled out  and w a s  compensated during the  later phases 
of t he  f l i g h t .  

Coordina- 
Sowever, ana lys i s  of t h e  t i m e  required t o  

/17 
Yegorov observed the  

This phenomenon may be due 

Inves t iga t ion  of the resolving power of t h e  v i sua l  analyzer (with due 
regard f o r  the nonstandard l i gh t ing  conditions) f a i l e d  
cant  changes. 
not markedly so. 

t o  t u r n  up any s i g n i f i -  
Functional v i sua l  e f f ic iency  may have a t  t i m e s  diminished but 

Inves t iga t ion  of t he  charac te r i s t ics  of t h e  operator i n  a model control  
system w a s  highly in t e re s t ing .  Use w a s  made of graduated, random, and 
s inusoidal  s igna ls  with ce r t a in  frequency cha rac t e r i s t i c s .  The operator (cos- 
monaut) w a s  able t o  exercise  control  by d i r e c t  o r  delayed feedback i n  the  sys- 
t e m .  
conditions increased over t h e  values obtained during t r a i n i n g  i n  a mock-up of 
t he  spacecraf t .  
Yegorov a l so  concluded t h a t  the cosmonauts' e f f i c i ency  may, i n  general, be less 
during f l i g h t  than when performing similar operations on Earth (as f a r  as t h e  
t i m e  required t o  perform the  operations and t h e  qua l i t y  of t h e  work are con- 
cerned). A t  t he  same t i m e  it w a s  shown t h a t  there  was  no impairment of w e l l -  
mastered elementary s k i l l s  required f o r  t h e  programmed operations. 

It w a s  found t h a t  t h e  standard deviation of t h e  operator during f l i g h t  

It was  more noticeable at the  g r e a t e r  s i g n a l  frequencies. 

/18 
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NASA TT F-9539 . 
Thus, the avai lable  da ta  indicate t h a t  t he  cosmonauts r e t a i n  a l e v e l  of 

0 
eff ic iency su f f i c i en t  t o  enable them to  execute i n  full a v a r i e d  f l i g h t  program. 
me r e s u l t s  of the physiological observations made i n  the  course of t he  2b-hour 
f l i g h t s  as w e l l  as the subsequent c l in i ca l  and physiological examinations re- 
vealed no evidence t h a t  the pr inc ipa l  funct ional  systems were disrupted. 
Nevertheless, w e  must not ignore t h e  p o s s i b i l i t y  t h a t  vestibular-autonomic d i s -  
orders,  fa t igue,  o r  funct ional  changes i n  blood c i rcu la t ion  o r  metabolism may 
a r i s e  during a f l i g h t .  Sui table  preventive measures and t ra in ing  programs must 
be devised. 

W e  have every reason t o  believe t h a t  sound methods of select ing and t r a in -  
ing personnel and the  vas t  capabi l i t i es  of man t o  adapt t o  new environmental 
conditions combined with ce r t a in  pro tec t ive  measures w i l l  lead t o  fu r the r  pro- 
gress i n  accomplishing longer, more d i f f i c u l t  f l i g h t s .  

Translated f o r  the National Aeronautics and Space Administration 
by John F. Holman and Co. Inc. 
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